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Dally-like, Perlecan, and Syndecan within 
the domain of Hedgehog expression (an 
experiment now feasible with current 
technology) interferes with long-range 
Hedgehog action.
The elegant work of Vyas and coworkers 
opens the door to the study of morphogens 
in vivo at the nanometer scale. The authors 
suggest that the nanoscale configuration 
of Hedgehog at the cell surface is relevant 
to its visible behavior and, ultimately, its 
in vivo activity. Further experiments are 
needed to relate the present findings to 
the apicobasal trafficking of Hedgehog, 
particularly as it pertains to Dispatched, a 
multipass transmembrane protein that is 
required for release of Hedgehog from the 
apical cell surface (Burke et al., 1999). It will 
also be interesting to determine whether 
lipid raft structures (where Hedgehog has 
been reported to reside) are relevant for 
the nanoscale organization of Hedgehog 
and its clustering with the Dally-like HSPG. 
Lastly, given that Wnt signaling molecules 
also harbor two lipid moieties, oligomer-
ization during signaling may turn out to be 
a common mechanism for long-range sig-
naling among morphogens.
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TRAPPI is a multisubunit protein complex on the Golgi that activates the small GTPase Ypt1p 
to facilitate the receipt of transport vesicles inbound from the endoplasmic reticulum. Cai et al. 
(2008) now present structural and biochemical analyses of yeast TRAPPI in a complex with Ypt1p 
revealing a unique mechanism by which TRAPPI catalyzes guanine nucleotide exchange.Yeast Ypt proteins are members of the 
Rab family of Ras-like GTPases that act 
as master regulators of membrane traf-
ficking events. Like other small G pro-
teins, Ypt/Rabs are active when bound 
to GTP and inactive once GTP is hydro-
lyzed to GDP. The subsequent release of 
GDP, needed to permit binding of GTP 
to Ypt/Rabs, is a very slow process that 
is accelerated several hundred-fold by 
guanine nucleotide exchange factors 
(GEFs). TRAPPI is a GEF for Ypt1p (Jones 
et al., 2000; Wang et al., 2000) and is a 
tethering factor that helps vesicles from 
the endoplasmic reticulum (ER) engage 
their Golgi target (Sacher et al., 1998). Unlike the monomeric GEFs charac-
terized for many other small GTPases, 
TRAPPI comprises seven subunits 
(Bet5p, Bet3p, Trs20p, Trs23p, Trs31p, 
Trs33p, and Trs85p), and four of these 
subunits (Bet5p, Bet3p, Trs23p, and 
Trs31p) are required for Ypt1p GEF activ-
ity (Kim et al., 2006). Why might multiple 
TRAPPI subunits be required? One pos-
sibility is that different subunits stabilize 
each other or hold onto Ypt1p so that a 
single subunit could provide GEF activ-
ity. Alternatively, multiple subunits might 
contribute to the catalytic function of 
TRAPPI. In this issue, Cai et al. (2008) 
present the cocrystal structures of the Cell 1minimal TRAPP GEF core (two copies 
of Bet3p and one copy each of Bet5p, 
Trs23p, and Trs31p) in a complex with 
a C-terminally truncated Ypt1p. These 
results demonstrate how Ypt1p binds to 
TRAPPI and reveal a role for each of the 
subunits in GEF catalysis.
Previous structural analysis of mam-
malian TRAPPI subcomplexes led to the 
proposal that Ypt1p interacts with Trs23p 
and Bet5p subunits (Kim et al., 2006), and 
mutation of Trs23p inhibits GEF activ-
ity. In support of this notion, Cai et al. 
(2008) show that Ypt1p interacts primar-
ily with Trs23p, along with contributions 
from both copies of Bet3p and Bet5p 33, June 27, 2008 ©2008 Elsevier Inc. 1141
figure 1. multiple tRAPPI subunits Promote nucleotide Release from Ypt1p
Model of the TRAPPI subassembly in complex with the Ypt1p GTPase (yellow). The pseudo wedge of Bet3p (purple) can be seen pointing into Ypt1p’s nucle-
otide-binding pocket (enlargement at right). Note how multiple subunits hold Ypt1p open to enhance nucleotide release.(Figure 1). Mutations of key residues in 
these subunits abolish or reduce GEF 
activity in vitro. Interestingly, Trs31p does 
not interact directly with Ypt1p but is nev-
ertheless required for GEF activity. Com-
parison of the structures of mammalian 
TRAPPI subcomplexes with the structure 
of the full yeast complex show that Trs31p 
orients a loop in Trs23p that interacts with 
Ypt1p and is important for GEF activity.
GEFs have diverse tertiary struc-
tures, yet they appear to share a com-
mon mechanism to stimulate nucleotide 
exchange: they reshape the nucleotide-
binding site to decrease affinity for GDP. 
To weaken the affinity between a G 
protein and its bound nucleotide, many 
GEFs insert a so-called “wedge” into the 
nucleotide-binding pocket that disrupts 
the G protein sites for binding magne-
sium ions and phosphate groups (Bos 
et al., 2007). The wedge usually consists 
of an ordered structural element with an 
acidic region that repels the phosphate 
groups of the nucleotide. This change 
in geometry leads to the rearrangement 
of the switch regions and phosphate-
binding loop, further destabilizing the 
interactions between the G protein and 
the guanosine base. Nucleotide-free 
G proteins are then held by the GEF in 
this “open” conformation to permit GTP 
binding, which then triggers GEF release. 
The high levels of GTP in the cytoplasm 
ensure that the empty nucleotide-bind-
ing sites of small G proteins are rapidly 
filled with GTP.1142 Cell 133, June 27, 2008 ©2008 ElseviDifferent GEF families use variations 
on this mechanistic theme. Sec7, an Arf1 
GEF, and Rabex-5, a Rab5/Rab21 GEF, 
use a glutamate and aspartate residue, 
respectively, on α helices to stabilize the 
phosphate-binding loop through interac-
tions with an invariant lysine (Goldberg, 
1998; Delprato and Lambright, 2007). 
In TRAPPI, the C terminus of one of the 
copies of Bet3p (not resolved in previous 
structures of TRAPPI subunits or sub-
complexes) resembles a wedge, with two 
glutamate residues interacting with the 
phosphate-binding loop as in Sec7 and 
Rabex-5 GEFs. Consistent with a wedge 
mechanism, when Cai et al. deleted 
these residues GEF activity was mark-
edly reduced. However, replacement of 
these residues with alanines had only a 
small effect on GEF activity, implying that 
the TRAPPI GEF uses more than just a 
wedge mechanism. Indeed, comparison 
of the structures of the complex of nucle-
otide-free Ypt1p bound to TRAPPI with 
that of nucleotide-bearing Ypt1p (or the 
related Rab1) revealed that the reshap-
ing of the nucleotide-binding pocket in 
the complex is more extensive than that 
seen for other small GTPase/GEF com-
plexes. Thus, although the Bet3p C ter-
minus greatly increases the efficiency of 
exchange, it appears to do so in a differ-
ent manner than the acidic wedge found 
in other GEFs. The requirement for multi-
ple subunits for GEF activity is consistent 
with a model in which TRAPPI subunits 
work together to pull and hold open the er Inc.Ypt1p nucleotide-binding site (rather than 
just wedging it open) through interactions 
between Trs23p and Bet5p and the switch 
regions of Ypt1p, as well as insertion of 
the Bet3p C terminus into the active site.
The biggest difference between 
TRAPPI and other small Ypt/Rab GEFs 
is the participation of multiple subunits in 
engaging the GTPase: Ypt1p is embraced 
on both sides of its active site by different 
TRAPPI subunits. TRAPPI also exists as 
a larger complex called TRAPPII (Sacher 
et al., 2001). It will be of interest to deter-
mine how the three additional subunits of 
TRAPPII are incorporated into the overall 
structure, and what specific roles they 
play in the secretory pathway (Morozova 
et al., 2006).
Yet, many questions remain given that 
the TRAPPI complex does much more 
than just activate Ypt1p: it also tethers 
COPII vesicles to the Golgi and interacts 
with specific SNARE proteins that drive 
vesicle fusion. What is the precise timing 
of Ypt1p activation in relation to vesicle 
tethering? Can TRAPPI interact with a 
nascent vesicle before Ypt1p is activated? 
Once activated, how does Ypt1p function 
at the Golgi—is it held nearby by interac-
tion with specific effector proteins? Does 
Ypt1p help TRAPPI keep SNARE proteins 
nearby to mediate fusion? And how does 
TRAPPI do all of these things while lying 
flat upon the Golgi surface (Kim et al., 
2006). Hopefully, answers to these inter-
esting and important questions will soon 
be at hand.
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